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SUMMARY 
Test ing  of platinum-thoria a l l o y s  has  e s t ab l i shed  t h a t  under the 
cond i t i ons  determined e a r l i e r  f o r  t h e  prepara t ion  of t h e s e  alloys, 
platinum wi th  0.6% t h o r i a  is  t h e  optimum composition from t h e  point of 
view of manufacturing and usage of t h e  a l l oy .  S t ress - rupture  testing 
has shown a cons iderable  i nc rease  i n  s t r e s s - rup tu re  l i f e  f o r  platLnurn- 
thor  i a  a l l o y s  over t h e  commercial p l a t  inum-rhodium a l l o y s .  Addiarg 
t h o r i a  t o  platinum a t  t h e  0.6% l e v e l  has  r e l a t i v e l y  l i t t l e  affect on the 
room temperature mechanical and e l e c t r i c a l  p rope r t i e s .  The principal 
e f f e c t  of t h e  t h o r i a  is  t o  provide a  s t a b l e ,  elongated g r a i n  structure, 
thereby improving t h e  long term, load ca r ry ing  capac i ty  a t  elevated tern&- 
pe ra tu re s .  Tubing was f a b r i c a t e d  without  d i f f i c u l t y  from t h e  platinum 
0.6% t h o r i a  a l l o y s .  Jo in ing  t e s t s  were c a r r i e d  out  by electron-beam 
welding, dap welding, d i f f u s i o n  bonding, spot  welding and h igh  temperature 
brazing . 
INTRODUCTION AND OBJECTIVES 
This  p ro j ec t  r e l a t e s  t o  t h e  development of m a t e r i a l s  of c o n s t r u c t i o c  
f o r  a  biowaste r e s i s t o j e t .  This  dev ice  uses  a  s e r i e s  of concen t r i c  tubes, 
heated by passing an e l e c t r i c a l  c u r r e n t  through t h e  tubing,  t o  heat a 
p rope l l en t  gas  passing through t h e  tubing.  The gas may con ta in  methane, 
C O Z ,  Ei2, H20 (steam), NH3, N2 and O2 (though not  concur ren t ly ) .  Tes t ing  at 
t h e  Marquardt Company revea led  t h a t  C02 passing through platinum-20% 
rhodium tubing  a t  1000-1500°C formed a rhodium carbonyl which vaporized 
and reduced t h e  rhodium content  of t h e  a l l o y .  This  a l s o  degraded t h e  
mechanical p r o p e r t i e s  of t h e  tubing.  
A s  a l t e r n a t e  m a t e r i a l s  f o r  platinum-20% rhodium, platinum-iridium 
a l l o y s  and platinum re in fo rced  wi th  t h o r i a  were proposed. Since 
r e l a t i v e l y  l i t t l e  was known of t h e  p r o p e r t i e s  of t h e  l a t t e r  system, this 
pro jec t  was i n i t i a t e d  wi th  t h e  view t o  s tudying t h e  b a s i c  mechanical 
p r o p e r t i e s  and t h e  manufacturing p r o p e r t i e s .  I n  p a r t i c u l a r ,  it w a s  
necessary t o  f i n d  what l e v e l  of t h o r i a  would provide t h e  optimum properties 
with  regard t o  both t h e  manufacturing and t h e  usage of a  plat inum-thoria  
a l l o y .  Having e s t a b l i s h e d  t h i s ,  t h e  remainder of t h e  p r o j e c t  w a s  then 
t o  be concerned wi th  t h e  product ion of tub ing  and wire  t e s t  samples, 
e l e c t r i c a l  p r o p e r t i e s  and methods of j o in ing  t h e  t h o r i a t e d  a l l o y ,  
EXPERIMENTAL WORK AND RESULTS 
1. Fabr i ca t ion  and S t r e s s  Rupture Tes t ing  of Platinum-Thoria Alloys 
In  t h i s  i n i t i a l  phase of t h e  work, t h e  o b j e c t  was t o  i n v e s t i g a t e  
t h e  high temperature,  s t r e s s - r u p t u r e  p r o p e r t i e s  of plat inum-thoria  aEioys 
s t a r t i n g  wi th  0.5% t h o r i a .  The t h o r i a  conten t  of a l l o y s  t e s t e d  w a s  tc 
be increased  u n t i l  t h e  p r o p e r t i e s  were unacceptable  e i t h e r  from the 
poin t  of view of mechanical s t r e n g t h  o r  manufacturing procedures ,  The 
c r i t e r i o n  f o r  a l l o y  s u i t a b i l i t y  was improved s t r e s s  rupture-proper t ies  
a long wi th  t h e  a b i l i t y  t o  be formed by cold working i n  t h e  manner normal 
f o r  platinum-base a l l o y s .  An except ion t o  t h i s  was planned i n  tha t  high 
t h o r i a  conten t  a l l o y s  known t o  be  unworkable by t h e  techniques used f o r  
convent ional  platinum a l l o y s  were t o  b e  extruded, worked t o  wire ,  and 
t e s t e d  f o r  s t r e s s - rup tu re  p r o p e r t i e s .  
A Refining Lot No. 190-A of ammonium platinum c h l o r i d e  was reserved 
f o r  t h i s  p r o j e c t .  A spec t rographic  a n a l y s i s  of t h i s  m a t e r i a l  i s  given i n  
Table I. This  a n a l y s i s  showed t h e  platinum content  t o  be 99.994% w i t h  
no base meta ls  g r e a t e r  than s i x  p a r t s  per  mi l l i on .  I n i t i a l  t e s t i n g  showed 
t h i s  m a t e r i a l  t o  be s u i t a b l e  i n  i ts  response t o  s t r e s s - r u p t u r e  testing and 
a l l  f u r t h e r  t e s t i n g  was done on plat inum produced from Lot 190-A, P r i o r  t o  
t h e  incep t ion  of t h i s  p r o j e c t ,  a  "standard schedule" of powder preduct.'kon, 
t h o r i a t i n g ,  and w i r e  product ion was worked ou t .  Th i s  s tandard  schedule 
involved only convent ional  powder meta l lurgy  and meta l  f a b r i c a t i o n  procedures, 
and, un le s s  otherwise noted,  was used i n  making a l l  t h e  t e s t  samples and 
o the r  m a t e r i a l s  i n  t h i s  r e p o r t .  
S t ress - rupture  t e s t s  on t h e  v a r i o u s  a l l o y s  produced were run on 0,050 
inch diameter  wi re  i n  a i r  a t  1450°C. Simi lar  t e s t i n g  has been repor ted  
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f o r  wrought platinum base a l l o y s  us ing  t h e  same technique and comparison 
r e s u l t s  from t h e s e  t e s t s  a r e  given. Table I1 is a summary of t h e  stress- 
r u p t u r e  t e s t s  on platinum-thoria a l l o y s .  Note t h a t  when a  t e s t  ran f o r  over 
1500 hours without  a  break, t h e  test w a s  terminated.  
The a l l o y  u l t i m a t e l y  s e l e c t e d  f o r  f u r t h e r  s tudy  was platinum-0,6% 
t h o r i a .  This a l l o y  was workable without  d i f f i c u l t y  u s ing  t h e  standard 
working schedule.  Furthermore, it has exce l l en t  s t r e s s  rup tu re  properties, 
Alloys wi th  higher  t h o r i a  conten t  could be  extruded and have s i m i l a r  stress 
r u p t u r e  p r o p e r t i e s ,  bu t  would r e q u i r e  s u b s t a n t i a l l y  higher  manufacturing 
c o s t s ,  p a r t i c u l a r l y  i n  t h e  form of tubing. 
F igure  1 is a l o n g i t u d i n a l  s e c t i o n  of t h e  platinum-0.6% t h o r i a  a l l o y  
t e s t  sample which had been on test 1610 hours  a t  1450°C wi th  a  stress of 
1120 p s i .  This  sample d i d  not  f r a c t u r e .  The s e c t i o n  was taken a t  the center 
of t h e  specimen. The s t r u c t u r e  i s  q u i t e  except iona l  i n  t h a t  a f t e r  9-112 
weeks a t  temperature,  t h e  wire  s t i l l  shows an unusual ly  smal l  g r a i n  size and 
r e t a i n s  t h e  elongated s t r u c t u r e  developed i n  t h e  i n i t i a l  p rocess ing ,  PLa t iwum 
wire  a t  t h i s  t ime and temperature would show l a r g e  g r a i n s  extending across 
t h e  e n t i r e  s ec t ion .  
F igure  2 is a l o n g i t u d i n a l  s e c t i o n  of t h e  platinum-0.6% t h o r i a  a l l o y  
t e s t  specimen which had been on t e s t  101  hours  a t  1450°C wi th  a stress of 
1456 p s i  (platinum-40% rhodium a t  t h i s  temperature and s t r e s s  would have a 
s t r e s s - to - rup tu re  time of about 12  hoqrs ) .  The p i c t u r e  i s  taken a t  the 
a r e a  of rupture .  F igure  3 is  t h e  same specimen about one inch  from t he  
break. The break occured through t h e  g r a i n  boundaries a s  i s  normal far 
platinum base a l l o y s .  There is  r e l a t i v e l y  l i t t l e  g r a i n  boundary separation 
near t h e  break. The elongated g r a i n  s t r u c t u r e  causes a  much more jagged 
TABLE I1 
Stress-Rupture Test Time (Time to Fracture in Nours)* 
1450°C, Air Atmosphere, 0,050 Inch Diameter Wise 
LOAD IN GRAMS 
Coment s 
I 1752 Removed 1 1162 1591 Removed Pt + 0.5%Th0, 68 Furnace out 1512 Removed No difficulty in working with standard schedule. 
No difficulty in working 
with standard schedule 
Some difficulty in ' 
1 I I I working with standard 
two pieces. Bar No.1 
. . . . . . .  
. . . . . .  than in Ba* No. 1 
. . . . . . . . . . . . .  
one inch diameter to 
0.190 inch diameter. 
Cold swaged to 0.100 
inch diameter, annealed 
and drawn to 0.050 inch 
* - -  --- --------- --- 
diameter, 
--*-*-- -----" ------- "ma-m- 
1293 Removed F t  4- 1,5%Th02 Extruded at lY66"~ ~ r & n  
8,625 inch diameter to 
0,100 inch diameter, 
I Cold drawas to 0,030 
. . .  . . .  inch diameter, 
--- . - - ---,- - ---, ------- ,-,--- -- a-H-, -.--" - . ----pa-" --.-- 
P t  -D- 2 , 0 % n O 2  22 Same as Pt -+- 1 ,SZ Tho2 
. . . . . . . .  22 . 
ffl I 
U m 
Figure 1. Film No. 8963 Mag. lOOX 
Longitudinal section of a platinum-0.6% t h o r i a  
alloy, 0.050 inch diameter wire, on test for 
1610 hours at 1450"~ in air with a stress 01: 
1120 psi. 
-- 
Figure 2. Film No. 8937 Mag. 5 OX 
Longitudinal section of the fracture area of 
platinum-0.6% thoria alloy, 0.05 0 inch diameter 
wire, on test for 101 hours at 1 4 5 0 " ~  in air 
with a stress of 1456 psi. 
Figure 3. Film No. 8936 Mag. l O O X  
Same sample a s  i n  Fig. 2, about one inch 
from the  f r a c t u r e  a rea .  
and elongated break than is normal f o r  wrought m a t e r i a l .  This  type o f  
'9fibrous" break is  c h a r a c t e r i s t i c  of t h e  t h o r i a t e d  m a t e r i a l  e x h i b i t i n g  
long, s t r e s s - r u p t u r e  l i v e s .  I n  wrought m a t e r i a l s ,  t h e  recrys ta%?~lze? .  
g r a i n s  a r e  equiaxed i n  na tu re  and r e s u l t  i n  a more "rounded'bapeearanee 
a t  t h e  break wi th  perhaps t h e  appearance of more d u c t i l i t y .  
2 .  Hechanical P r o p e r t i e s  of Platinum-Thoria 
Alloys a t  Ambient Temperatures 
Along wi th  t h e  h igh  temperature s t r e s s - rup tu re  p r o p e r t i e s ,  ambiear 
t m p e r a t u r e  p r o p e r t i e s  of t h e  platinum t h o r i a  a l l o y s  were measured, 
These a r e  necessary f o r  manufacturing-metal working information and in 
t h e  usage of t h e s e  a l l o y s  a t  normal temperatures .  I n  a l l  ca ses ,  tests were 
performed on 0.020 inch  diameter  wi re  which had been reduced 75% i n  area 
from t h e  l a s t  anneal .  
Samples of wi re  were annealed i n  a i r  f o r  15  minutes s t a r t i n g  a t  300°C 
and inc reas ing  a t  100°C i n t e r v a l s .  Tens i l e  tests were performed a t  room 
temperature,  g iv ing  va lues  f o r  u l t i m a t e  t e n s i l e  s t r e n g t h  ( p s i )  and 
elongat ion (percent  i n  two inches ) .  The instrument used f o r  t h e  t e s t i n g  
was an Ins t ron  Table Nodel Tes t ing  Ifachine. 
Table I11 summarizes t h e  t e s t  r e s u l t s .  S imi la r  va lues  f o r  wrought 
platinum, platinum-rhodium and platinum-iridium a l l o y s  a r e  included fer  
comparison. 
When i t  was decided t o  u s e  platinum-0.6% t h o r i a  a s  t h e  a l l o y  from 
which tubing would be made, f u r t h e r  t e n s i l e  tests w e r e  run  t o  determine 
f o r  t h i s  a l l o y  t h e  y i e l d  s t r e n g t h  (depar ture  from s t r a i g h t  l i n e  behavior 
on t h e  t e n s i l e  machine c h a r t )  and t h e  va lue  of t h e  stress a t  0,2% elonga- 
t i o n  o f f s e t .  The va lues  turned ou t  t o  be  10,800 p s i  and 13,400 p s i  






























































Fur ther  t e s t i n g  was a l s o  done on platinum-0.6% t h o r i a  t o  determine 
t h e  hot  t e n s i l e  s t r e n g t h  of t h i s  a l l o y .  In  t h i s  t e s t ,  t h e  wire  w a s  0,050 
inches diameter  and is heated t o  t h e  t e s t  temperature.  The d e t a i l s  of t he  
t e s t i n g  method and a summary of t h e  r e s u l t s  inc luding  comparison vaEu~cs for 
platinum a r e  given i n  Table I V .  
3.  R e s i s t i v i t y  v s .  Temperature f o r  Platinum-0.6% Thoria 
The r e s i s t i v i t y  of platinum-0.6% t h o r i a  was measured on 0.010 inch 
diameter  wire .  The wi re  w a s  b i f i l a r  wound on an alumina c r o s s  and inserted 
i n  an  alumina, closed-end tube  us ing  platinum lead  wi re s  from t h e  a l l o y  t o  
junc t ion  head. The wires  were annealed f o r  one hour a t  1400°C p r i o r  ea 
test and t h e  t e s t s  were made a t  s t a t i c  temperatures ,  i.e., no change of 
r e s i s t a n c e  a t  temperature on t h e  measuring b r idge  ou t  t o  t h e  f o u r t h  dec imal  
p lace .  The furnace  is  a s p e c i a l  c a l i b r a t i o n  furnace  heav i ly  lagged and 
con t ro l l ed  f o r  temperature s t a b i l i t y .  
The temperature was measured us ing  an  NBS c a l i b r a t e d  platinum vs 
platinum-10% rhodium thermocouple and a Honeywell Rubicon B Poten t iometer ,  
The r e s i s t a n c e  was measured on a Leeds and Northrup Type ER Thermometer 
Bridge. 
The measured va lues  f o r  r e s i s t i v i t y  v s .  temperature a r e  given in Table V 
and these  va lues  p l o t t e d  i n  F igure  4. The r e s i s t i v i t y  measured on pure  
platinum under t h e  same t e s t  cond i t i ons  was very  c l o s e  t o  t h a t  of placinnm-O,6% 
t h o r i a .  A t  t h e  h ighes t  temperature (1450°C), t h e  poin t  of maximum difference, 
t h e  r e s i s t i v i t y  of platinum was 336 ohms/circ. m i l  f o o t  and t h a t  of p l a t i m m -  
0.6% t h o r i a  was 342 ohmslcirc .  m i l  f o o t ,  a d i f f e r e n c e  of l e s s  than 2 % ,  
Another p o s s i b l e  u s e  f o r  t h e  plat inum-thoria  a l l o y  i n  t h e  r e s i s t ~ j e t  
p r o j e c t  is f o r  e l e c t r i c a l  hea t e r  c o i l s .  A p i ece  of platinum-0.6% t h o r i a  wire, 
TABLE IV 
Hot Tens i l e  Tes t s  i n  A i r  on Platinum - 0.6% Thoria 
With Comparison Tes t s  f o r  Pure Platinum 
Ul t imate  T e n s i l e  Elongation (% i n  2 inches)  
S t rength  (PSI) 
Temperature ( "C)  P t  + 0.6% Tho, - - P t  P t  + 0.6% T1a02 Pt 
Ambient 50,000 44,000 -- L 
Apparatus and Accuracy. A modified Di l lon  Universal  t e n s i l e  t e s t e r  w a s  adapted to 
accept  a h o r i z o n t a l  t e n s i l e  specimen. The modified tester used a h o r i z o n t a l  furnace 
having a uniform hea t  zone of 5 inches;  t h i s  extended hea t  zone, i n  t u r n ,  accom- 
modated the  l a r g e  e longat ion  of platinum and i ts  a l l o y s  a t  t h e  higher  temperatures, 
The accuracy of t h e  modified Di l lon  t e n s i l e  tester was checked against a 
Baldwin-Southwark t e n s i l e  t e s t e r  and an  I n s t r o n  t e n s i l e  tester; i n  either instance 
an e r r o r  of less than 3% was determined. 
Tes t  Specimens. The s tandard  t ens ion  t e s t  specimens used i n  t h e s e  s t u d i e s  were 22 
inches i n  l eng th ,  0.050 inches i n  diameter- the wi re  having been drawn w i t h o u t  anneal ing 
from a diameter  of 0.100 inches t o  one of 0.050 inches ,  w i th  a l a s t  anneal a t  0,100 
inches . 
In  order  t o  measure t h e  e longat ion ,  t h e  wi re  was marked o f f  with a concentrated 
s o l u t i o n  of f e r r i c  c h l o r i d e  which on hea t ing  produces a b lack  d i s t i n g u i s h a b l e  nark, 
At extreme e leva ted  temperatures  where e longat ion  can exceed 40%, the  center of 
t h e  spread mark was taken a s  t h e  gage poin t .  The f e r r i c  c h l o r i d e  band was kept  
t o  a minimum by exe rc i s ing  extreme c a r e  dur ing  t h e  marking of t h e  specimens, 
Experimental. The r a t e  of t e n s i l e  p u l l  was 0.5 inches  per  minute. The sample w e s  
heated f o r  f i v e  minutes p r i o r  t o  s t a r t i n g  t h e  t e n s i l e  p u l l .  P r i o r  tests have shorn 
n e g l i g i b l e  v a r i a t i o n s  of t e n s i l e  s t r e n g t h  when specimens were heated f o r  intervals 
ranging between 5 and 15 minutes.  
TABLE V 
Res is t iv :  t y  Tes t  
Alloy 9K 763 (P t  -t- 0 .6% Tho2) 
Temperature Measurement - NBS Ca l ib ra t ed  P t  v s  P t  10 Rh Standard Tl;cermosouple 
With Boneprell. Kubicon B Potent iometer  
ResFstance Values - Determined on an L & N Bridge - Type ER 
Temperature 
0 rr 
R e s i s t i v i t y  
ohms / m i l .  f t . 
a INCREASING TEUR 
DEGREASINB TEMR 
TEMPERATURE ('C x 100) 
Figure 4. 
Electrical resistivity of a platinum-0.6% thoria 
alloy as a function of temperature. 
0.005 inches diameter and 20 f e e t  long was s e n t  f o r  t h e  manufacture of 
test c o i l s  on 3 March 1971, t o  M r .  Eob Nurch, TRW Systems Group, Hnc,, 
1 Space Park, Redondo Beach, C a l i f o r n i a  90278. 
4. Tubing Manufacture 
Seamless tubing was prepared of platinum-0.6% t h o r i a .  In t he  
l abo ra to ry  a small  shee t  ba r  was prepared us ing  t h e  s tandard technique, 
This  ba r  was r o l l e d  and c ros s - ro l l ed  wi th  in t e rmed ia t e  annea ls  a t  1300'6 te 
a  f l a t  s h e e t  approximately f i v e  inches square  by 0.065 inches thick, 
This s h e e t  was then  t r a n s f e r r e d  t o  t h e  Engelhard I n d u s t r i e s  D:\tision, 
M i l l  Products  Department tube  room and a l l  f u r t h e r  ope ra t ions  were performed 
i n  t h a t  a r e a .  The f i r s t  ope ra t ion  w a s  t o  punch out  a  4-3/4 inch  diameter 
round blank from t h e  shee t .  This  b lank  was then  cupped through a series 
of punch ope ra t ions  wi th  two in t e rmed ia t e  annea ls  a t  l00O0C t o  f o r m  a shell 
one inch  i n  diameter wi th  an 0.033 inch  wa l l  th ickness .  
The s h e l l  was then  swaged and drawn wi th  in t e rmed ia t e  anneal ing t o  
t h e  f i n a l  s i z e  of 0.054 inches diameter  wi th  a  w a l l  th ickness  of 0,007 inches ,  
No d i f f i c u l t y  was encountered i n  f a b r i c a t i n g  t h i s  tubing.  Its working 
q u a l i t i e s  were much l i k e  t h a t  of platinum. A p i ece  of t h i s  tubing, in the 
cold worked s t a t e ,  19-1/2 inches long, was s e n t  f o r  t e s t i n g  on 11 May 1971, 
t o  Ca r l  I-lalbach of t h e  Iqarquardt Company, 16555 Sat icoy S t r e e t ,  Van Nuys, 
C a l i f o r n i a  91409. 
Cross s e c t i o n s  and l o n g i t u d i n a l  s e c t i o n s  of t h e  tubing as-worked and 
annealed f o r  15 minutes a t  l00O0C a r e  shown i n  F igures  5 t o  8 ,  
5. Jo in ing  Nethod s 
Plat inum-thoria  a l l o y s  a r e  produced by powder meta l lurgy  and depend 
f o r  t h e i r  p r o p e r t i e s  on a proper d i s p e r s i o n  of t h e  t h o r i a .  I f  the c ~ L l s y  
is melted,  as i n  simple f u s i o n  welding by a r c  o r  t o rch ,  t h e  tho r ra  
Figure 5 .  Film No. 8934 Mag. 5003: 
Platinum-0.6% t h o r i a  tubing, cold worked, 
long i tud ina l  s e c t i o n  
Figure 6 .  Film No. 8935 5 OOX 
Platinum-0.6% t h o r i a  tubing, cold worked, 
c ross  sec t ion .  
Figure 7. Film No. 8962 Mag. 500X 
platinum-0.6% thoria tubing, annealed, 
longitudinal section. 
Figure 8. Film No. 8961 Mag. 5OOX 
Platinum-0.6% thoria tubing, annealed, 
cross section. 
d i s p e r s i o n  is  destroyed.  I n  add i t i on ,  t h e  t h o r i a  may a l s o  cause a 
d e f e c t i v e  j o i n t  on mel t ing  by c o l l e c t i n g  a t  t h e  junc tu re  of t h e  weld and 
parent  metal .  It has been suggested t h a t  a  small  fu s ion  weld i n  which 
t h e  hea t  f o r  welding was produced r a p i d l y ,  and quick ly  d i s s i p a t e d ,  e~uld 
poss ib ly  avoid some of t h e  de t r imen ta l  a s p e c t s  of fu s ion  welding, For  
t h i s  reason i t  was decided t o  t r y  electron-beam welding a s  a  j o in ing  technique 
Electron-beam welding has t h e  v i r t u e  of being a b l e  t o  produce small f a s ion  
zones, p r e c i s e l y  c o n t r o l l e d ,  w i th  very  l o c a l i z e d  hea t  input  r e s u l t i n g  in 
a  very  small  heat-affected zone. Both b u t t  welds and l a p  welds were 
produced by electron-beam welding. 
A method of j o in ing  t h o r i a t e d  plat inum without  mel t ing  is  obviousEy 
very  d e s i r a b l e ,  Three methods chosen f o r  i n v e s t i g a t i o n  were dap welding, 
d i f f u s i o n  bonding and spo t  welding. Dap welding is  a  form of forge welding, 
Since platinum does not  form an apprec i ab le  oxide  f i l m  during h e a t i ~ g ,  
i t  is  poss ib l e  t o  j o i n  platinum by hea t ing  i n  a i r  t o  about 800'6 and 
hammering t h e  a r e a  t o  be  welded. Such a  process ,  done by a  s k i l l e d  operator, 
w i l l  produce a  sound weld i n  pure platinum and many platinum a l l o y s ,  
Di f fus ion  bonding i s  s i m i l a r  t o  fo rge  welding i n  t h a t  a  combination of 
hea t  and p re s su re  i s  used t o  make t h e  weld. F igure  9 shows t h e  fixture 
used. The f i x t u r e  c o n s i s t s  of s t a i n l e s s  s t e e l  f l anges  connected by 
molybdenum b o l t s  f i t t e d  with Inconel  nu t s .  The shee t  t o  b e  welded was placed 
between Inconel  s l u g s  and i n s e r t e d  between t h e  f langes .  The n u t s  were  
t ightened t o  complete t h e  assembly. The f u l l  assembly was then  heated 
i n  vacuum t o  llOO°C, f o r  two hours.  The thermal expansion of t h e  assembly 
produced t h e  necessary compressive f o r c e  t o  bond t h e  s t r i p s  by i n t e r d i f  f u s i , ~ n  
a t  t h e  weld i n t e r f a c e .  
The spot  welding was done i n  a  convent ional  spot  welder. The veld. 
was produced by a  l i n e  of spot  welds ac ros s  t h e  s t r i p s .  Both a s i n g l e  
l i n e  and a  double l i n e  were used. The time-temperature cyc l e  of the  spot 
welder was ad jus ted  t o  produce no mel t ing  a t  t h e  spot  welded i n t e r f a c e s ,  
Brazing i s  a l s o  a f e a s i b l e  process  f o r  jo in ing .  Obviously, the 
braze  m a t e r i a l  must melt  and wet t h e  m a t e r i a l  t o  b e  joined.  Bo%i~ever, 
al though t h e  j o i n t  cannot ope ra t e  too near  or  above t h e  braz ing  material's 
mel t ing  poin t ,  a proper ly  designed brazed j o i n t  can o p e r a t e  a t  high 
temperatures  and does not  degrade t h e  parent  meta l  by mel t ing  i t .  
To demonstrate  t h e  f e a s i b i l i t y  of braz ing  plat inum-thoria  alloys, a 
platinum-20% gold a l l o y  (melting poin t  about  1400°C) was chosen, EIeat5n.g 
was done both by to rch  and by induct ion  hea t ing .  A h igher  mel t ing  point 
a l l o y  could be used i f  good temperature c o n t r o l  i s  used t o  avoid mebring 
t h e  parent  meta l  (The mel t ing  p a i n t  of platinum is  1767.6"C). 
In  a l l  ca ses  t h e  samples f o r  j o in ing  t e s t s  were 0.020 inch  t h i c k  
shee t ,  l / 2  inch  wide. A f t e r  j o in ing ,  t h e  c e n t r a l  s e c t i o n  of t h e  s t r l p  w a s  
machined t o  a 11'4 inch  width i n  a  s tandard  t e n s i l e  specimen shape and 
annealed a t  llOO°C. The samples were then pul led  i n  a t e n s i l e  mehil ie  
and the  u l t i m a t e  t e n s i l e  s t r e n g t h  and t h e  e longat ion  recorded. Table VI 
summarizes t h e  t e s t  r e s u l t s .  F igures  10 and 11 show some of t h e  samples 
pul led .  F igures  12 through 17 a r e  r e p r e s e n t a t i v e  s e c t i o n s  of the t e s t  
samples showing t h e  j o i n t  a r e a s .  
The electron-beam welded samples showed some po ros i ty  a t  the weld, This 
has been noted previous ly  i n  s i m i l a r  welds of t h i s  type  m a t e r i a l ,  This 
might be due t o  (1) coagula t ion  of minor po ros i ty  always present  i n  powder 
metal lurgy m a t e r i a l ,  (2 )  c o l l e c t i o n  of r e s i d u a l  gas i n  t h e  meta l ,  o r  
TABLE V I  
Specimen Type 
of Weld 
SUMMARY OF TENSILE TESTS ON WELDED AND BRAZED 
TEST SPECIMENS OF PLATINUM-0.6% THORIA SHEET 
Blank ( s o l i d  sample,  
no weld) 
I 1  
But t  Weld- 
E l e c t r o n  Beam 
Lap Weld- 
E l e c t r o n  B e a m  
Dap Weld 
High Temp. Braze 
Pt-20YAu Braze Al loy  
S i n g l e  L i n e  Spot Weld 
Double L i n e  Spot Weld 
D i f f u s i o n  Bond 




7 (Broke at w e l d )  
19 
8 (Broke at w e l d )  
Figure 9. Film No. X 894 
Diffusion bonding fixture. 
Figure 10. Film No. -8933 Mag. 1.5X 
Test samples after tensile testing; Coding 
refers to samples numbers. Sample No. 3 is 
the blank. 
Figure 11. Film No. 8939 Mag. l.5X 
Test  samples a f t e r  t e n s i l e  t e s t i n g ;  coding 
r e f e r s  t o  sample numbers. 
Figure 12. Film No. 8930 Mag. 100X 
Elect ron  beam b u t t  weld. Sample No. 6 .  
Figure  13. Film No. 8931 Mag. l O O X  
E l e c t r o n  beam l a p  weld. Sample No. 7. 
F igure  14. Film No. 8932 Mag. l O O X  
Dap weld ( f o r g e  weld) showing one end of t he  
l a p .  Sample No. 13. 
Figure 15. Film No. 8927 Mag. l O O X  
D i f fus ion  weld showing one end of the  l a p ,  
Sample No. 11 
Figure 16. Film No. 8941 Mag. 25X 
Double l i n e  spot  weld showing welds a t  b o t h  
ends of l ap .  Sample No. 15. 
Figure 17. Film No. 8940 Mag. 50X 
High temperature brazed j o i n t  us ing  ~ t - 2 @  Au 
braz ing  a l l o y .  Sample No. 1 4  shows one end of 
the  l ap .  
(3 )  decomposition of t h e  t h o r i a  i n  t h e  i n t e n s e  e l e c t r o n  beam. D e s p i t e  
t h e  po ros i ty ,  t h e  welds had good t e n s i l e  s t r eng th .  S t i l l ,  t h i s  i s  a 
fu s ion  weld, and t h e  c r o s s  s e c t i o n  shows t h a t  t h e  s t r u c t u r e  of the weld  
i s  completely d i f f e r e n t  from t h e  parent  metal .  Although t h e  ambient temperaeure 
t e n s i l e  p r o p e r t i e s  a r e  adequate,  t h e  change i n  s t r u c t u r e  due t o  the f n s i o c  
weld would probably mean t h e  l o s s  of t h e  except iona l  high temperature s t r e s s - r u p t u r e  
p r o p e r t i e s  a t  t h e  weld. This  would, of course,  not  b e  a  problem i f  t h e  
weld were o u t s i d e  t h e  hot  zone i n  a f a b r i c a t e d  s t r u c t u r e .  
The dap welded, d i f f u s i o n  bonded and spot  welded c r o s s  s e c t i o n s  show 
no molten zone. This  i s  obviously t h e  b e s t  type  of s t r u c t u r e  f o r  s u c h  
m a t e r i a l  s i n c e  t h e  t h o r i a  d i s p e r s i o n  remains i n t a c t  and a c t i v e  i n  reducing 
high temperature creep.  
The brazed s t r u c t u r e  shows no mel t ing  of t h e  plat inum-thoria  a l l o y  and 
good wet t ing  i n  t h e  j o i n t .  The Pt-2Q% Au a l l o y  me l t s  a t  about E400°C, This.  
l i m i t s  t h e  temperature of ope ra t ion  of such a  system al though with a c c u r a t e  
temperature c o n t r o l ,  l e s s  gold could be  used,  r a i s i n g  t h e  temperature of 
mel t ing .  Furthermore, t h e  d i f f u s i o n  of gold from t h e  b raze  a l l o y  inra 
t h e  platinum would a l s o  r a i s e  t h e  b raze  melt  temperature and perhaps increase 
t h e  s t r e n g t h  of t h e  parent  metal .  
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CONCLUSIONS AND RECOMMENDATIONS 
The t e s t s  r epo r t ed  above show t h a t  t h e r e  is  r e l a t i v e l y  l i t t l e  
e f f e c t  of 0.6% t h o r i a  on t h e  room temperature mechanical and e1Lectris:al 
p r o p e r t i e s  of platinum. For a l l  p r a c t i c a l  manufacturing purposes t h e  
t h o r i a t e d  m a t e r i a l  behaves a s  does commercially pure platinum. Tise 
advantage of adding t h o r i a  shows up i n  t h e  high-temperature, long t e r m  
p rope r t i e s .  The s t r e s s - r u p t u r e  t e s t s  repor ted  he re  show t h a t  i n  this 
type of t e s t i n g ,  t h e  platinum -.6% t h o r i a  a l l o y  has  a much g r e a t e r  l i f e  
than platinum-40% rhodium. I n  e a r l i e r  t e s t i n g  t h e  platinum-40% rhodium 
a l l o y  had been found t o  be t h e  b e s t  commercial a l l o y  i n  s t r e s s - r u p t u r e  
t e s t s  a t  1450°C. F igu re  1 8  is a p l o t  of s t r e s s  v s .  time-to-rupture far 
platinum-0.6% t h o r i a  and some platinum-rhodium a l l o y s ,  a t  1450°C, the 
d a t a  taken from Table II. The s u p e r i o r i t y  of platinum-0.6% t h o r i a  i n  
t h i s  type  of t e s t i n g  is  c l e a r l y  ev ident  i n  t h i s  p l o t .  Since platinum- 
i r id ium a l l o y s  a r e  more r e a d i l y  oxid ized ,  they would show up as i n f e r i o r  
t o  both t h e  platinum-0.6% t h o r i a  and platinum-rhodium a l l o y s .  
The meta l lographic  c ros s  s e c t i o n s  of platinum-0.6% t h o r i a  on test 
f o r  extended periods a t  145Q0C show an elongated g r a i n  s t r u c t u r e ,  T h i s  
elongated s t r u c t u r e  is  q u i t e  d i f f e r e n t  from platinum o r  platinum-rhodium 
wrought a l l o y s  he ld  a t  high temperatures  f o r  extended pe r iods ,  In the latter 
c a s e  t h e  r e c r y s t a l l i z e d  g r a i n s  would be  equiaxed, and as time progressed the 
g r a i n  growth would r e s u l t  i n  very  l a r g e  g r a i n s .  
The observa t ion  i n  d i s p e r s i o n  hardened m a t e r i a l s  of r e l a t i v e l y  \lnaffected 
room temperature p r o p e r t i e s  and enhanced h igh  temperature p r o p e r t i e s  has 
been repor ted  f o r  o ther  m a t e r i a l s  such a s  n i c k e l  and copper. \ h i L e  tke 
t h e o r e t i c a l  b a s i s  f o r  improved high temperature p r o p e r t i e s  has  not  yet 

been f i rmly  e s t b l i s h e d ,  t h e  most r ecen t  pub l i ca t ions  tend t o  focus cn 
t h e  p a r t i c l e s  i n  t h e  g r a i n  boundaries ,  t h e i r  i n t e r a c t i o n s  wi th  d i s l e c a t i o n s  
and t h e i r  modi f ica t ion  of t h e  g r a i n  boundaries a s  sources  and s i n k s  f o r  
vacancies .  The a c t i o n  of t h e  g r a i n  boundaries  i s  obviously c r u c i a l  i n  
any t h e o r e t i c a l  development s i n c e  t h i s  is  t h e  p r i n c i p a l  d i f f e r e n c e  bn 
c r o s s  s e c t i o n s  of wrought ve r sus  d i s p e r s i o n  s t rengthened m a t e r i a l s ,  
P a r t i c u l a r l y  so  s i n c e  i t  is  observed t h a t  t h e  f r a c t u r e  i n  t h e  stress 
r u p t u r e  t e s t i n g  inva r i ab ly  fol lows t h e  g r a i n  boundaries.  On a phenorneno- 
l o g i c a l  b a s i s ,  it can be  observed t h a t  s i n c e  t h e  f r a c t u r e  folEows the  
g r a i n  boundaries ,  a  s t a b l e ,  e longated,  f i n e  g r a i n  s t r u c t u r e  presenting 
a minimum of g r a i n  boundary perpendicular  t o  t h e  appl ied  s t r e s s  would 
be t h e  most d e s i r a b l e .  This ,  of course,  desc r ibes  t h e  platinum-0,4% 
t h o r i a  a l l o y ,  and whi le  not  a fundamental explana t ion  of t h e  high temperature 
p r o p e r t i e s ,  i t  does he lp  t o  r a t i o n a l i z e  t h e  improvement i n  these pro?er t i es ,  
The jo in ing  t e s t s  demonstrate  t h a t  t h e  platinum-0.6% t h o r i a  a l l o y  
can be r e l i a b l y  f a b r i c a t e d  by a  number of techniques o the r  than simple 
fu s ion  welding. The p a r t i c u l a r  method t o  be employed i n  a  given situation 
w i l l  depend on t h e  s t r u c t u r e  t o  be f a b r i c a t e d .  However, when the a l l o y s  
a r e  proper ly  jo ined ,  t h e  weld w i l l  b e  a s  s t rong  a s  t h e  parent  metal, 
Brazing is f e a s i b l e  wi th  platinum-gold a l l o y s ,  t h e  choice  of a l l o y  be ing  
governed by t h e  ope ra t ing  temperature requi red  and t h e  degree  of tewerature 
con t ro l  which can be  exerc ised  i n  t h e  braz ing  ope ra t ion .  
It has been suggested t h a t  t h e  t h o r i a t e d  plat inum a l l o y s  may not  be  
s t i f f  enough a t  room temperature t o  withstand t h e  shock f o r c e s  ac t ing  on 
t h e  r e s i s t o j e t .  Platinum-iridium a l l o y s  do have t h e  necessary  stiffness 
but  may not  be s u f f i c i e n t l y  ox ida t ion  r e s i s t a n t .  One method f o r  overcoming 
t h i s  d i f f i c u l t y  would be  t o  make a three- layer  tube ,  t h e  inner  and outer layers 
being platinum-0.6% t h o r i a ,  and t h e  c e n t r a l  l a y e r  being platinum-30% Iridium, 
Such m a t e r i a l  has  been produced i n  o t h e r  a l l o y s ,  and seems f e a s i b l e  jn this 
combination. It would be  u s e f u l  t o  run  t e s t s  on such a system to determine 
t h e  d i f f u s i o n  rate of i r i d ium from t h e  c e n t r a l  l a y e r  t o  t h e  inner  an& outer 
l a y e r s .  
